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ABSTRACT ' 

This report includes a tiiscussi.on of SI aetric units, 
with examples of the conventions regarding 'their use adopted in other 
countries tb illustrate the nature of the decisions that aust be aade 
by the .O.S. , building Industry. It discusses the relationship of 
dimensional coorclination to the metric conversion effort and i±s 
impact on t^e U.S. building regulatory systea# Soae of t^e 
organizational problems reguired to involve all segments of the 
industry in this decision-aaking proc-ess and to impleAnt these 
decisions in a coordina^ted nay on a national scale are also 
discussed. (Author /MS) " * * - ' . 



i 



♦ ^'Documents acquired by ER^C include many inforafal unp.ublished ♦ 

♦ materials not available froa other sources* ERIC aakes every ef fprt ♦ 

♦ to obtain- the best cop]f available* Nevertheless, items ^of aargihal ♦ 

♦ reproducibility are often encountered and this affects the guality 

♦ .of the micjrofiche and hardcopy reproductions ERip aakes availal>le 

♦ yia the ERIC Document Reproduction service (EDESji . "ED^S Is not* 

♦ responsible for the quality of the original' document. Reproductions 
,♦ supplied" by EPRS are . the best that .can be made from the original. 



» I 

* • * 

'ERIC' , . • ' - 



^^^^^ \ 




u s OEPARTMENTOF HEALTH. 
EDUCATION « WELFARE 
NATJONAU-INSTITUTE OF 
EDUCATION 

THIS -DOCUMENT HAS ^EEN REPRO- 
OUCEO EXACTLY AS RECEIVED FROM 
The PE^^SON or OROANIZ^TION ORIGIN- 
ATING IT POINTS OF VIEW OR OPINIONS 
STATED OO'NOT NECESSARILY REPRE- 
--SEMTOPPICIAL NATlOI^AL INSTlTtlTE OF 
EDUCATION POSITION OR POLICY 



IMBS TECHNICAL NOTE 



915 



CO 



U.S. DEPARTMENT OF COMMERCE / National Bureau of Standards 



/ 




Metrication Problems 
in the Construction Codes 
and Standards Sector 




. ; , ■ * ' RATIONAL BUREAU OF STAf^DARDS 

T^e National Bijro«iuV^f Sland.uds' was ost.tbhshod by an aci/oC^Con'gress M»m'h 3, 1901. 
,The BuVctiO? overall goal is tb. strengjhon and advance the Naiion'^^^ience aniP^^^^^^c.^ 

ttf ut fae tlHftte-their effective apphcattoii for ptihti\* boncfu To ill is en^ihe Bureaii-^^ktets — 

research and provides. U) a basis* for »ihe'Naiion\ physic.il^ niea^iirenieni sjbieni. (2) sc^icntific- 
and lechnologlc^tll services for indiisir> and governnienl. (^) .r technical basis for equity in trade, 
and <4) technical services to prpniote public safety. The j^ureau consists of the Institute for 
Basic Standards, the Institute for Materials Research, the Institute: for Applied Technology. 

* * the Institute for Computer Sciences and Technology, .md tbe Officp for Information Programs, 

THE INSTITUTE FOR BA5IC STANDARDS provides the central, basis wit-hin the United 
States of a complete and consistent sj.steni of physical measurement, coordinates that system 
with meaMfrement systems of other nations, and furnishes essential services leading to accurate ■ 
and uniforn? physical nic^asurefiients througljout the Nation's scientific c<)mmunity, in^usirv. 
and commerce The Institute consists* of the Office , of Measurement Services, the Office of 
Radiation Measurement' {ind the following Center and divisions • > ^ 

Applied Mathematics — HIectricity. — Mechanic's — Heat — Optical Physics — Center 
for p'adiation Research Nuclear Sciences: Applied Radiation — 1-aboratory Astrophysics" 
— Cryogenics' — Electromagnetics" — Time and frequency". ^ ^ 

THE INSTITUTE FOR MATERIAI^ RESEARCFI ^conducts materials research leading id 
^ improved methods of measurement, standards, and data on the j)Foperlies of well-\:haracterized 
materials needed by industry, commerce, educational institutions, and Government, provides 
advisory^ and research services to other rGovernment agencies, and develops, produces, and 
* distributes st.indard reference materials The Institute consists of the Office /of Standard 
Reference Materials, the Oflice of Aip and Waiter Measureipcnt. and. the fqliQWing divisions. 

Analytical Chemistry — Polymers — MetalKirgy — Inorgrvnn;^ Mnterials — Reactor 
Radiation' — 'Phvsicnl Chetrujify- 

THE INSTITUTE TOR APPl^D TECHNOLOGY provides technical services lo promote 
the use of available technology and to facilitate technological, innovation in industry and 
Governm.ent. cooperates with public and private organizatTons leading tb the ^velopment of ' 
technological standards (including niandfuory safety standards), codes aand methods of test, 
^and provides technical advice and services to, C?bvernment ag&ncies upon request. The Instu 
j> lute consists of the following divisions and Centers: 

Standards. .Application ^nd Analys*^^ — Electronic Technology — * Center for Consumer 
. ^ P Product Technology, product Systems Analysis, Product Engineering — Center fOr Buifding 

Technology. Structures. Mjiterials. .md Life Safely. Bililding Environment; Technical Eviihia-' 
tion,and Application — Center for Fire Research Fire Science. JFire Safety Engineering. 

THE INSTITUTE FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research, 
.ind provides technic.il services designed*- to aid Gi^vernment agencies in improving cost effec- 
tiveness iQ the conducts of their programs through the selection, acquisition, and effective 
• utilization of automatic data processing equipment, and serves as the principal focus jvithin 

the executive bi^anch for the development of Federal standards for. automatic data processing 
equipment, techniques, and computer languages. The Instituje consists of the following 
^ .divisions' . . ^ ; 

• ^ ^ Computer Services — Systems and Software — Cbmputer Systems Engineering — Informa- 
1 ^ tion Technology. \ . 

' THE OFFICE FOR INFORMATION PROGRAM^ promotes 'optimum dissemination and 
accessibility of scientific information generated within NBS^and other agencies of the Federal 
^Government, promotes *the development of the National Standard Reference Data System and 
/ .1 system of laformation i^alysis centers d(ialuijj^, with the broader aspects of the National' 

Measurement Systeni. provides .ippropria'te se^r\ices to ensure that the N'BS staff has optimum 
.lecessibiUtv to the 'scientific information of the world. The Office consists of the following 
organizational units - ^ 

I Office of Standard Reference Data — Olfrcp of Information Activities — Office oftfcchnidll 
Pubticaiionv ^ ^br^ry — Ofricc^of Internatipnal Relations — Office of International 

Hcjdqutkrtors and Laboratories at (jaithcnbury. Marvlaml, funics*; otherwise noted, 'mailing address 
• " * \V,iShinBton. I^C 20234 * ^ ' , ^ 

« • - I ova^cd at BbuJder, C olorado |103J2 ^ ' , ^ ^ 



a- 



V 



Metrication Problems in the 
Construction Podes and 
Standards Sector 



0 



vCharles T. Mahaffev 



Center for Building Xechnology 
hfsiitute for Applied Technology 
National Bureau of Standards 
'WashiiiKio«,'D.a 20'234 14'- 



\ 



/ 



4!^ 

\ 





) 



U.S. DEPARTMENT OF COMMERCE, Elliot L. Richardson, Secretory 

Dr. Betsy Ancker-Johnson, Assisiani Secrefary for Science and Technology 
NATIONAL BUREAU OF STANDARDS, Ernest Ambler, Acring Direcior " 

* ' «. ,* 

/ -' . •'■ . . ... 



Issued June 1976 



4 




National BiH-eau of Standards Technical I^ote 915 

iNa*. Bur. Stand. (U.S.), Tech. Note 915, ^5 pages (June 1976) 
CODEN: NBTNAE 



\ 



\ 



\ 



\ 



U.S. GOVERNMENT PRINTING QFFICE 

WASHlNoyON: .1976^ ^ 



For sale by the Superiniendertl of Documents, U.S. Go^^ment Printing Office, Wa3hingU)n, D.C. 20402 ^ 
(Order by* SD Catalog No. Gl'3.46:^). Price 75 cenU (Add-25 percent additional for other tban U.S.*nailing), 



- PREFA CE ' 

* ' . . \ 

This .repprt_waa_erepared ,in response to a request made of the Center for Building Technology 
in the National Bureau of Standards. This request* grew out of .the initial taeeting of the 
Construction Codes and Standards Sector of the American National ^fetric CouncilJ. *The Se,ctor 
chairman, Mr. Delmont Thurber, asked for ah identification of the problems attending ' 
metrication that will probably coirfront many building codes- and standards institutions in 
the United States. 

I y * - 

It was reasoned- that a discussion of t^hese problems should begin with a brief description of 
the new metric units of measurement involvedj called' SI for Systeme International. 
Consequently, Part I of this report deals, with 'the SI base units*, some of j:he units derived 
from them for use in the building industry and, as examples some of the usage conventions 
adopted by the British who are changing from the inch-pound sVstem to SI, Since final U.S. 
decisions in these matters have not vet been made, the SI units and use conventions* ^ 
preseix:^d in Part I are offered only as illustrations of the kinds'^ bf Selection problems 
to be faced, not as recommen4ations. ^ ^ ♦ ' ''^ ^ * 

In the buil<i:4ng industry it .is hard to say more than a -few wbrds about metrication Without, 
mentioning modular or dimensional coordination. Dimensional coordination has fascinated ' 
members of the industry for years, „both here an'd abroad. Proponents say metrication. of fei^s 
an- excellent oRportunity for the adoption of a national commitment to dimejisiofial 
coordination as a wa/ for the building industry to "get something out of going metric." , * 
This %ubject is discussed in'Par^: II. " » . * ■ 

Part III attempts to^spiay f ome of ,the^ many difficalt p'roblems requiring cooperativfe 
planning and coordination in the' codes and standards seator during the metrication/ / 
dimensional coordination transition. * ' * , ' 

Almost everyone involved in' the U'.S/ building .^des and standards area'has, at one time or 
anoljher, envisioned ways of effecting desirable^ imp rt)^ents In codes and standards 
agilities. In many instanced these- j^eas were 'never carried' out l?ecause they often 
requr^ed major 'or ^ radical departures ^om traditional p;:achces, involving & national, • 
vol^mtary aod cooper at ive.comndtment from a highly competitive, fragmented industW, ^ce • 
metrlcatipn will get the stage, for just- that kind of nationwide radical change, the ■ < 

problems dis^ssed In this report suggest ^opp^tunlty aft^r opportunity for the building 
commurclty to cooperatively select and implement^ many, of the i^ost desirable ojf these improved" 
practices, ~ \ * , ■ 

At one time, of course a very 16ng time agb. mankind had but one language. Perhaos the" 
worldwide adoption .of SI units signals, a significant and welcW revlrsf! in the lonfe " 
history of the.proiif eratioA of languages. « ^ - " 
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the nature of the decisions that must be made by the U S buildinf^dno^l, ^i^f ^ 
IZrX^lJT^^.ZT''''^''''' ^-nsional coomination, .etric conversion; 



I. mi/tric units to be .used »• ' ' 

The system pf measurement units that the U.S. will be adopting when, it "goeis metric" is 
known a^ the. Inteiyational System of Unit^ - officially abbrevia ted SI. SI is the system 



currently being, adopted by the English-sp^eakirig nations" (Britain, Canada, Australia, 
New Zealand and South Africa) and differs' from .tjie metric system long used in Europe and 
other parts of the world. One of these differences is the appearance the ^ew SI unit of 
foyc^ - the newtonC In countries on the. older metric system the kilogram was use'd to* * 
indicate force and mass in a manner similar to^ the way we now use the pound. While this new 
coherent separation of mass and force wi^l pftodtice little actual difference in the resulting 
building *de6ign values involved, the conceptXis quite different. For the ^-S., the change to 
SI metric wi^ include this clarity 6f conc^t plus all of the advantages of the decimal 
measurement base in\ierent in the metric system. Countries' who have been og" the metric system 
liaVe long enloved the decimal base advantages but .are finding it difficult to appreciate the 
slight (for the builiing community) improvement in clarity attached to ^he newton. 
However, commitments %p change to SI have been made by these countries and this change 
process -is underway.- > "* . ^ ^ • * 

The foundation of the new system lies in the seven base (and two .supplemental) SI^ units: 



V / SI 


BASE UNITS ^ 




QlfANim 


UNIT ' 


SWBOL 


length 


meter 


m 


time • 


second 


s 


mass 


kil^ogram 


kg 


electric currei>,t^ 


ampere 


A 


temperature ^ 


kelvin 


K 


luminous intensity- 


candela 


cd 


*amount of substance 


mole 


mol 



plane angle 
solid'angXe 



SUPPLEMENTAL UNITS 

radian O 
steradian 



rad' 
sr 



*The mole (a measurentent of elementary entities such as atoms, ions, etc.) which has 
recently been added to SI, probably will have no application in the construction industry. 

One of the /$^irtues claimed for 'SI is. its\^temal coherence.- This simply means that the 
Jjuotient <xt product of ^ny two unit quantities in the system leads to the unit of, the 
resultant quantity. As an example, when the unip length (m) is flivided by the unit time (s), 
the result is unit velocity (m/s) and when unit length (m).±s multiplied by unit length (m), • 
the result is unit area (m^). If the current U.S. system were coherent and the foot were a 
unit of length, the square foot would be a coherent unit of area but an acre would not. 

The Coherence of SI S illustrated by Figures 1 through 6 (courtesy of Britain's Ministry ^ 
*of Pub;.ic Works). * • ' ^ V 
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Figure 1 - Three base uniCs - second s, Figure 2 - The expression for FORCE kg-m/s^ is 

kilogram leg, meter m combine to produce given the special name newton N » ^ * 

an expression fo^r-« FORCE kg.m/s - . - • ^ , 




y 



NEWTON 




HEAT (WORK 
ENERGY) > 



JOULE 



Nm 




Figure 3 -newton N combines with' base untt m to produce the expression for HKAT (WORK, ENERGY) 
N-m which is given jthe special name joule J . • ■ ■' 
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-.0 



POWER 




WATT 



JOULE 

♦ 

Figure 4- Joule J combiaes with base unit s to produce the expression for POWER J/s which is 
given the special name watt W , * ' " , * • 



ELECTRICAL . vOLT 
POTENTIAL — ^ 




JOULE 



W combines with base unit A to produce the expression fSr ELECTRICAL POTENTIAL 



Figure 5 - watt 
^ ' ' W/A which'' is given the special name volt V 

S 



ERLC 



lu 




lUX - 
f denotes a BASE unit 
• 0 denotes a SUPPLEMENTARY unit 
- •'denotes a DERIVED UNILWITH A SPECIAL NAME 

lirttd\:I^ll^^^^^ coherence--how "Derived* Units" with Special names are sequentially 

aerivea trom the^base and ^supplementary units ' ' "i-xaiiy 



figur^ show> the base SI units are combined to make new measuremen't^nits, 
to as derived units. These in turn are of two kinds - those exoresseti in tf 



Asv these 

referred to as derived units. These in turn are of two kind? - those expressed in terms .of 
units from which they are derived, 'and those given special names. The following are examples 
of each kind cf derived unit:' - ' * . o 



DERIVED UNITS - NAMED kFTER BASE UNIT 



QUANTITY 

area 

volume 

tJenslty • 

velocil;y 

acceleration 

luminance 



UNIT 

square meter 
cubic meter 

kilogram per cubic meter 
meter pef second 
metec per second squared 
oandela per squar^ meter 



SYMBOL 

m2 

m3 

m/s 
m/s2 

cd/m^ 



Qlli\NTITY 


UNIT 


SYMBOL 


force . -* 


newton 


N 


workr energy ^ \ 


•joule 


J 


power , 


.^att;. 


' W 


^eleetric potential 


volt 




.illumination ^ 


lux 


Ix 



DERIVED UNITS - SPECIAL NAM ES * ' - • 

DERIVATION 

kg-m/s"^ . 

N*m 

W/A'2. V ^ 
' Im/m . 

In addition to* these SI units, there, are certain non-SI uhits (few in number) which probably 
will continue t;o be used after the introduction of SI; they are so'firmly established in 
worldwide practice that their elimination would be virtually. impossibl-e. Examples of these 
are: ' ^ / ' - 

' . ; . ^ » ' ' . ' ' ' V ' - ' 

foretime - the day, hour^and minute ' . * ' ' 

the mass ^uriit - metric ton, which equals 1,000 kg (or* approximately 200 pounds)' 
• the area unit --hectare, whith equals 10 OOO square' meters (or approximately . ^ 

^ * * , ^ ^ 1/2 acres) , ' ^ ^ * 

. for volume - the lit^r, which equals one-thousaiidth*of a cubjx me'ter (oc 

^approximately one qua^t) * r 

The supplementary units, radian and stferadiarv^^robably 'will, not be widely used in. the ' * 
construction industry. The radian is defined as the angle between 'two Vadii "of a circle 
whith cut off on the cir-cumf erence an ^arc equal. iiv.Jength to thfe radius. Instead of the 
jadi^^n, the construction industry probably* will continue to use the familiar degree7<*), and 
, decimals of degrees, probably will not/make use of the *"grad" or' "grade" wbich^is* ' - 
one-hu^ndr^dth of a right angle, so there will continue to be 90 de^ree^ in a xight angle. 
The solid angle, steradtan, also will not become a familiar term in the construction industry 
,Its definition 'is as follows: "The solid angle which, having Ita vertex at the center of a- 
sphere, cuts off an area of the surface of the sphere 'equal 'to that of a square having sides 
of length equal to the radius of a sohere," ' ' 

J • • ^ ^ ^ . ' • * • 

An explanaKiory note about mass and temperature may help the reader, . ' 

N ^ * ' ^ . ^ • 

MAS5 In commerce, the term "weight" has beqp' used, and probably will continue to be 
used to mean .mass. In physits and 'sometimes in eTigineeVlngV the term 'weight'^ has been used 
to mean a fbrce (acting on mass) related to gr^\^ityv Many fepl tWt this fatter use of t^e 
term 'weight"' should be avoided because it is contrary to the meaning of thje term as used^ 
extensively throughout this country, especially, for e^pcample, by weights and measures 
officials. ' ' , - ' . ^ \ 

* -* * ' 

Designers are accustomed to expressing allowable floor load densities in terms of "pounds 
per square foot/'* When they use SI,, one method that might be. adopted would*be to express 
such foad densities in ki).ograms pfer square meter^ Whep engineers use. these load ratings^* " 
in computations th«t involve stress ^determinations; they will be obliged to change from 
kilograms per square^ meter to newtons per 8guare*peter. ^ ThJ^ flatter term is -given the 
convenient short name - pascal. In determining a building Ipad, one would add all/ of. the 
appropriate masses in the building^in kilograms and multiply this total by the applicable 
value of the acceleration of gravity'* (g) to get newtons. While the international > ** 

st'andardized valuQ of" g is 9.80665 m/s , g actually 'varies b^twqen 9.77 and 9.83 m/s on 
the -surface of the earth. ■ . . * * * . 

' j i ^ - ' . ' • . 

TEMPERATURE It ifiay, have teen 'surprising to note in the' first table*of base units that 
the unit for temperature is given > as "kelvin.*' For practical purposes, 'it is unlikely 
^hat the construction industry will-use-''kelvin,"- The.non-SI \init "degre6 Celsius'' 
wjjose symbol is *C win be used instead,^ The term "Celsius" was ^opted instead of ^he moVe 
anjMiar "centigrade" because in France the word centigrade has custom&rily been applied jto 
rigles. There is actually no difference between ^he temperature- jjitervalj^ on- Ce'lsius or' 
kelvin scales. If two such scales were ^lign'ed with th'^ Celsiup zero (the freezing point of- 
water) opposite 2?3.15 on the kelvin scale, then 100** (the boiling poiiit of water) on the 
Celsius sc^le wctild be directly opposite 373.15jC273.15 + 100) 'on the kelvin scale. Degree 
Celsius is the unit of temperatur^ th^tTprobably will be adopted by the U.S. construction 
industry*. • • ' ^ * • " - 




The main feature, of SI (or tha pre-SI .metric system) is its decimal base. "All multiples 
and submultiples of SI units are based on.powers of 10. These are quite simply expressed ' 
by applying prefixes to the units. 3y adding thesepref ixes to SI the range of Jit 
magnitude may be extended from the subatomic ao"-"-^) to the astronomic (IQlSX 

If the U.y, construction Industry follows the pattern adopted in other English speaking * 
countries in the selection of preferred mulUples ?nd submultiples. preference will be given 
^ -r.o o^^nr -^^^^ rela^ted t^ .be base unit S."'^^" 



■powers of 1000 
suf f ice« 



r^^^ ^»««^uxpj.c^ wiixcii are reiacea co the base unit by 

In the construction industry the range ^rom lO'^ to 106 l>robably will 



PREFERRED mXIPLES ,AND SUBhOILTIPLEg 
PRinX^ SYMBOL .FACTOR-^ MAGNITUDE 



"^^8^ M 10^ . ^ 1 000 000 

^^U' ' leooo^ 

milli m 10 I 0.001 X 



' ' 10"^ 0.000 001 

Note that this chart suggests the- exclusion of the centimeter. ManrFeople in the U S 
building industry are not happy with tfiis Exclusion, feeling that the centimeter represents 
useful and comprehensible sizing unit. Those promoting exclusion, on ■ the other hand • - 
point to the following reasons advanced in other countries- 



(2) 
(3) 



\(l>.„l^f oT the centimeter is -inconsistent «ith the approach to adopt preferred 

prefixes which are ^terna ry powers of 10. - . ' 

The order of magnitude between centimeters and millimeters is ;only iO,' which 
Increases the JiLl^lihood of erroV. « ■: - " , / . 

■* ^ • • . d 

In drawing^, the differences between mm! m, and -km. are so great as to make 
It Jnnfce3S4;ry to add the unit symbol after" each -dimension (not possible if 
centlmpters were an accepted submultiple-) provided that: 

' (a) decimals of met?V are always taken to tHree places, suqh "as 3.600 

^ , (b). millimeters are always (expressed inf whole numbers, "such 'as 3600. ' ' 

Sed^L"!^hp\''^?^r''N'r''''-^ here- will tend .to reduce the .number of measurement terms 
coSrent unit Some IflV?-^ replaces very many traditional units with one 

conerent unit. Some of these familiar units are the Btu, therm, calorie, and potentiallv 
the kilowatt hour (which equals 3.6 MJ) . • -:• . ' , i-a^uixe, ana potentially 

Another example of technical terms becoming more. rational;and ^ewe^ m number is the 
h«=.'r"nVf - T ''^^^^•""i^ of 'power. Already, recognized universally the 

basic unfr for electric poVer. the watt will also be used as a general power ter^ ^pJacine 
horsepowe,: foot pound force per secondWat flow rate (expressed in customar^nits as 
loXl^l expressed>in tons), et..' A 300-horsepower car will'be ::id 

There hardly -will be any change in the electricSl units. • Whereas the 'term hertz fHz) i<; 
often use^^for^cycUs per second,, in SI hertz is the, recognized unit f or^requinoy 

y^XVSn:t::ra\t;i^ -.cubic.eteran.liter.,ill -Ll::rc%St:'oubic 
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These are some of the essential SI units applicabliT to construction. Other derived 
units, like those use4 in terms as secti'on modulus, %pe under study by. the Consti^uction 
Industries Coordinating Committee of the American National Metric Council (WC) • Recently ^a 
special working group of a Technical Committee (TC 98) in the Internationaf'Organization for 
Standardizati^on (ISO) whose title is "Bases for the Design pf Structures, ' "pro'duced a final 
draft of a'whole s^ifjLes of construction engineei^ing terms that reflect the rationality and • 
coherence ^f SI units. Agreements 'among the members of the U.S. building community regarding 
the Identification of the SI upit§ to be used in construction must be reached at an early 
date if the full benefits of^ the simplicity and, internal opnsistenCy of the SI metric system 
are to be realized: To defay th^ development of this needed national agreement is to create 
a host of unnecessary problems. * . • ^ 

Almost the same set bf problems Exists in the development of national agreements regarding 
the conventions ^applicable to the use of SI units. A few samples of these conventions which 
have been adopted in other English-speaking countries may help to illustrate the problems 
involved. 
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^(ly Thousand markers ; * ' 

^^A^aJiimensions and quantit±e^ or values'. ^ 

- the thousand marker should be provided by a spajce, not a comma 
^ (a comma has been used in Europe as a decimal point). 

1-000 000 ^ ' . * 

• ' J>OOQ . * • ^ 

. (2) Decimal points 

• " . 4 ' ' ' 

(a) In typewritten or other documents produced on machines the use of a ^ 
period (fod|a decimal point) on the line is recommended. 

0.1 

9.9 * ^ 
3.602 , ^ . 

< 

(b) When expressing a value less than-unity, ^he decimal point should 
be preceded by, a zero. 

>C, ' 0.1 • . - 

0.01 
0.362 

(c) ^Whole numbers may be expressed without a decimal mark. 

1 1^ • - 

100 ; 
3 600 ( 

"♦^ ' * ' " 

(3), Sizes * 

(a) *If sizes are written in the sequence — length, width, height — and the 
' ^ figures are separated by a multiplication sign, the symbol is only 

given following the l^st figure. • 

325 X 170 mnf . ' ^ * ' 

1^325 X 700 x- 150 mm ' ' . * 

'\ 

(b) If sizes are written in any other sequence each size should be followed 
by the symbol which should in turn be followed by the identifying word. 

rv 

' 125 mmjiigh x 150 mm wide 

^ '7 500 milfr]\ng x 125 ram high -x 75 mm wide 
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(4) 'Writing SI symbols , 

(a) Always use upper .and lower case letters properly, 

kg kW (not Kg kw) ' , 

. (b) Always use the same symbol to expi:^ss singular or plural. 

. 107 m (not 107 ms) • • ^ % 

(c) Always leave a single space between numerical value and symbol.^ 
123 mm (not li23mm) ♦ . 



. \ (d) Always write out metric ton or liter . ' (The sy^ibdl? "t" or "1" should not 
be used as "t" may be mistaken for the customary ton,^nd the- typewritten 
letter "1'* may be ^mistaken for the number 1.^) ^ 

.(^) Always express the size of an item as so much by so much using the 

symbol^, that denote the same multiples or submultiples of the SI unit. 

, 2 100 X 710 mm ' • ^ _ 

^ Ar 2.100 X 0.710 m , ' ^ 
but never 2.100 m x 710 mm . * * 

(f) It is recommended that; where meters are expressed involving decimals, the' 
, dimensions should be written to three places of decimals, yhich is 
visually compatible with the expression of the same dimension in millimeters. 

3.602 m = 3 602 mm 

0.190 m «/190 mm ' * _ < 

The adoption of Sififiits posfes many difficult problems during the period' of tr^^nsition. 

Some of these pertain to the kctual SI units themselves and. others pertain to the SI usage, 

conventions or practices, as in the foregoing illustrations of practices adoiited by other 
English-speaking countries. » ' • . 

Those wHo promulgate and enforce building ''regulations and tjiose responsible for the • 
production of the standards ua^ed in building regulations -can ill afford a passive" role in 
either the .selection of SI upits to be used in construction or the conventions adopted 
regarding their use. , . • / , 

* .f ■ ^ * ^ 

For exajnple, consider the subject of the newton versus the kilogram force. There are 
some members of the constriction industry actively working against the adoption of, the SI 
unit, the newton, feeling that the rather drastic change in thinking it entails is not 
feasible or useful for the construction area. Opponents of this view claim that the change 
to metric is going to be traumatic in any case, so why waste the effort on an 'outdated non- 
system. • Many people are Recommending that floor load density requirements or capacities be 
expressed in tepns of kiloRrams per "Square meter that the floor is designed to car^ty. 
The pr3s^ures exerted on the foimdation are 'to be expressed in newtons per square meter, 
or pascals, as would bthef pressures acting on the building such as wind pressures. They 
al§o advocate the technique loX expressing the ^;arrying capacities of trucks or cranes 
in kilograms. ^ * o 

Jxi any case", the steadying vo'l^e of the codes -an<l standards sector needs to be heard. - 
• Obviously, the decisions^ made in «»ch matters are going to have a p^df ound'ef fe^ct on the 

usefulness of the SI system, A vehicle fcust be .found for developing agreements among the 
'building codes and standards promulgators and'for adv^ancing* thes^ agreements among other . 

important sectors of .the building community. If the promulgators of the model building *: 

codes wer^e to pursue separate courses in the adoption (or non-adoption) of SI units, or if* 
t unreconciled differences between the model codes and the standards promulgators develop., 
j:his only will add to rather than diminish the U.S. building industry's prol)lems v/lth 
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metrication. The codes and standards promulgatora should consider finding an operational 
way pf working together, not only to ensure a national coherence in the change to SI but to 
take .full advantage of this opportunity to reach an international accord in this vital 
communication mechanism that SI offers* , ^ • ? , 

These are but a few examples \f the kind of conventions that will necessitate the ' 
development of a general agreement among all members of the building community.. There are 
many, many more that wtJfl^ surf ace as the national metric^ program advances. 

In the case of conventions, after agreements have been reached regarding the ones to ♦ 
be used (and code and standard promulgators^will neld to give serious consideration to 
maintaining a continuous involvement in this decision process), there is n^better wa^ of 
putting them into practice others -than committing them to memory. 

Similar problems exist relative to the use of the SI units theu^elves* Most experienced^ 
construction people haves over th,e years, developed an ability to estimate dimensions or 
quantities of building materials or components by visualizing xthe spaces they, occupy. <^ With 
this new system of measurement units, this learning process has to start all over again; ,all 
of our key recognition factors will have been changed. • » 

This problem area can be divided into three parts. 

(1) Problems associated with learning to estimate dimensions, quantities and 

/ ' values qtcommon objects such as the size of the bathroom mirror, the speed 

. of a passing automobile or the afternoon ai;: temperature.. 

(2) Problems associated with learning the basic metric sizes of components or ^ 
I fixtures whose dimensions have a functional value such as: 

i 

i bathtub's * * 

. ' doors • ^ 

' ^ 1 »kitchen counter heights . , • 

*~ ; stair treads and risers " ^' 



Learning to convert the size of these units frOm customary into metric 
units and memorizing them wilj. not be easy. However, this kind of 
exercise (carried through f or *other base units also) will help establish 
key recognition points useful in rebuilding 4 neW storehouse, of 
reference values. \ 

■ • ' -V 

The 5^1 problem with adopting gietric will come when people try to cope 
'with'^jle interrelationships betweetj units which ,are combinations of a 
number of units such as Chose for force, heat U. values, p^)wer, pressure, 
etc., even though the "units^^O^ these combinations ha^e been given simple 
names. Learning these n€w"units does not particularly help in applying 
them to basic design problems involving these units. While it is ^ 
possible to figure out the derivation of the newton" (as illustrated in 
Figures 1 - 4 in this section) this knowledge will not in itself indicate 
the metric equivalent of 4000 lb. concrel;e [which is '27#6 MPa (megapascalls)] 
If, for example, the structural engineer memorizes the facts that concrete 
strengths of 20.7 MPa and 27.6 MPa are the equivalents of 3000' and '4009 psi 
respectively, he ^^^Jl be able to recognize an ettot of 'any significant 
magnitude, throughout a wide range by relativity. ^ Rounding these metric 
numbers ^v^s 20 MPa and 30 MPa concrete strengths (the equivalency of 
2900 psi and^5Q,psi, respectively). Similarly," the mechanical engineer 
can use a boiler output of 30 kW, which is the approximate equivalent ^ 
of 100 000 Btu/hr, as a key recognition factor for the whole range. 
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Eefer^nc4s^ 

A great amount of the material in this section has been derived from the following 
piiblications: * 

;^ Metrication in the ^Construction Industry No. 1 ' 
. " * Metric in l^actlce ' . ' * ^ 

^ % . ^ 

. .^Metrication in the Construction Industry No. 2 . ^ 

Calculations -in SI Units ' ; , 

Metrication in the Construction Industry No. 4 - ^ 

, ^ Metric Reference Book » ' 

' Produced by the Ministry of Public Buildings* and Wdrks 

Sold by Her Majjesty's St;^tione^ Office 

,49 High Holbom ' , ^ , , o 

London WCl England ' - ' 
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iffT DIMiSNSIONAL COORDI NATION ' * * * - * 

^ The basic idea behind dimensional or modula^ coordination— -the establishment of a 
<^^^ect dimensional relationship between the dimensions selected in the design of a building 
and the size of the components used in its construction— received its initial industrial 
thrust in the U.S. Alfred Bemis generally is credited with proposing the idea of using a • 
universal basic mo/iule - a '4-inch cube, for this design /manufacturing system. After 
World War II, the ideas generated by Bemis and others were picked up and employed in the 
U.S.^funded reconstruction programs in Europe utilizing a 100-mm cube, the approximate metric 
equivalent of Bemis^s 4" basic module, 'it was during this period that? the most sophisticated 
development of the^princifJ^Tefe of dimensional ^coordination and their actual application^ok 

Designers often make use of graph paper having regularized grid patterns as a 
sketching medium in the evolution of their working drawings. Bemis reasoned that if all 
designers would use the same size giTids for their drawings , and if component manufacturers 
were to use similarly sized grids for the sizing of their products, a direct dimensional 
• coordination of buildings and building products would evolve. This should simplify some 
of the problems of building design and help manufacturers select the most useful size 
ranges of buil^iing product sr^This combination should eliminate'most of the wasteful 
cutting and fitting -^t the job site. ^ * ^ 

This concept and its resulting elaborations proved to be intriguing to designers anrf 
manufacturers. However, the cooperation it required between designers and manufacturers* 
never developed to a pointMn the U.S. where the man)^ claimed advantages could, be 
factually assessed. The designers tended to enthusiastically endorse the concept , 
saying tha,t«Uist" soon as the manufacturers "^began producing modular parts th6y would 
begin specifying them. The manufacturers, equally enthusiastic over the concept of \ 

- dimensiona^coordination, indicated they would begin making such parts *as soon as the 
designers stkrted specifying them. As a result, here a^d in Europe, the idea never 
achieved the full potential atl believed Xt had. So while dimensional coordination has 
been used to a far greater extent in Europe than in the .U.S., only Denmark and the 
Soviet Union ^ad adopted a national program of dimensional coordination until England did 
so. Since then Australia, South Africa, Nev Zealand and now Canada 'all have followed suit. 

As at present In* the U.Sy, there was no great enthusiasm in the British building industry 

- for the chang^e to metri/. Concerned building industry members in Britain, recognizing 
the Importance of metritation to the nation, strongly urged the installatijon of aVatlonal 
program of dimensional fcooxdination paralleling that of metrication. This recommendation was 
adgpted and the .buildidg industry, with the support of the'Britlsh government, is embarked 

on a most ambitibus naiional program of dimensional coordination. Respected industry figures 
there feel that for the British building industry dimensional coordination is the 

•most important benefit they will derive from going metric. Various practitioners In the 
British building industry, when asked about the impact of metrication on their activities, 

.usually respond In terms of their opinions regarding dimensional coordination. 

The reasons they advanced for at least th^ initial usefulness of dimensional 
coordination r^lve around Ihe recognized need to ch^ftge the dimensions of many k^y 
building products; brought about by the change to metric. A 4J-0" x 8*0" building Danel 
translated into its. exact metric equivalent is 1219.2 x 2438.4 mm. These are extremely 
awkward numbers. If these are the kinds of numbers that a metric conversion would bring, 
the building industry 'easily could do without this kind of "help." But if not these* numbers , 
what numbers? For t;Jie. fragmented building industry a nightmare of intra- and inter- 
disciplinary meetings and conferences might be required to produce rationally related sets 
of new sizes for* the hundreds of building products and components involtred. This fear was * 
one of the major factors that spurred the English into.adopting the concept of dimensional 
coordination. The princiiiles of dimensional coordination offered a rational way* of bringing 
about ^new compatible sizes of building products. If all the various trade associations " 
involved would use the same set of siztng l)rinciples, each could work out new dimensions 
more or less unilaterally. Since all dimensions had to be changed anyway, dimensional 
coordination seei^ed like the way to go. Fortunately, a Technical Committee (TC 59) of ISO 
had produced several basic and useful st/ndards covering the Principles of dimensional ' 
coordination and some of their applications. • , 
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TC59 established 100 mm (3.937 inches) as the basic planning* module around which the 
whole fabrifc af dimensional ,c;o^ordipation) is built. .Theoretically, this basic agreement 
means U^at designers can lay out buildings using this module and component manufacturers 
can produce ptoducts compatible with the layout* and in size ranges that Relate to each , 
other and other products tn-a ratibnal way, using the same'lOO mm module. 

In practice, however, the .number of possible multiples of 100 mm proved to be too, large 
and it was necessary to^.jjrovide some way of narrowing this range, to some feasible numbar. 
The dimensional flexibil'i^^ Weded by the designers, and the practical size range limitations 
needed by the 4>rodtict Jnahufa'cturers, .were satisfied by agreement's on what are known^^os^ 
preferred dimensions. -The f ollowingOset of preferences, worked out in Britain, are 
illustrative ''of- the.' basic standards that, have to be developed in the. U.S. :^ 

' ast preference ' 300* mm (apt)roximately 12") 

' ' 2nd^preference 100 mm (approximately 4") 

3rd preference * 50 mm (approximately 2") 

. 4th preference 25 mm (approximately 1") * 

In effect, this table indicates that for dimensions over 100 mm, first preference should 
be given to increments of 300 mm with second preference given to multiples of 100 mm 

^ (multiples of 100 mm are referred to*as multimodules) . - 

\ 

In a horizontal direction the preferred. multimodules would be 300, 600, 90CI, 1200,^'* 
1500, 3000 and 6000 mm. Of these, 300, 600 and 1200 mni would be particularly preferred. In ' 
a vertical dirac;tion f i^st preference is given to 300 and 600 jran ^hile increments of 100 mpi* 
would be .acceptable up to 3000 mm. The third and fourth preferencfes.*-30^and 25 mm, are ' ^« 
submodules used only for thin sections. . , 

This kind of dimensioning approach is being adopted by the several English-speaking ^ 
oations currently making the switch to metric. Each one of thes^ nations JiaS 'carefully * 
studied the approaches used in other highly industrialized countries and h^s tailored itsc 
programs accordingly. The U.S., i3eing the last to convert Co metric, has an excellent 
opportunity nofj^nly to assess the usefulness of a national pifogram of dimensional 
coordination, but to selectively evaluate these various program approaches for y.-S. 
conditions. "Th^ bases for all of these approaches are derived from the standards that 
have been and still are being developed by the ISO Committee TC 59. A few words 
• givin^^ picture of the U.S. relationship with this committee may be"of help. 

- The USA vote in ISO standards activities is cast by the American National 

Sfaridards Institute (ANSI) . ANSI casts these votes on instruction from national" commit tees, 
organized for this purpose under ANSI procedui;es. Such national committees are called iJSA 
Technical Advisory Gt^ps or USATAGs. In the case of TC59, the USA holds a voting position 
but cannot vote because a USATAG for TC59 does not exist. Until the adveht of 
metrication there has not been much USA interest in the subject of International standards, 
for dimensional coordination. .Recently, ANSI requested the Center for Buftding Technology. 
(CBT) of the National Bureau of Standards to take on the responsibility of organizing and • 
servicing such a national committee for TCr59. The CBT has accepted this responsibility and. 
pl^ns to begin the organization of a committee th|C,can not only develop a USA *response^ to 
ISO' actions, but also can develop and advance USA' ii^^iatives this subject a'rea. - 

Many international standards have been produced by TC59 and many mbre are in the 
pipeline. Thirty-one nations are members of TC59 and are variously^ involved in some twenty- 
five subcommittees and working groups. At a recent plenary meeting (Stockholm - Octobet 1974)^ 
the delegates voted to add performance requirements (for buildings and components* of 
buildings) to future fc59 activity plans. 

The addition of a TC59 work program that would lead to the international "harmonization'* 
of building regulations is'^Vider study and will be an agenda item at the next TC59 meeting. 



: -1^ 20 



ERIC 



While it may be too ear^ to assess the cost/benefit value of the British dii,ensioV»al ♦ 
coordination effort on its own merits (and not juMt as a way .of facilitating a 'metric 
conversion), it is interesting to- note that Canada, Australia. South Africa and New Zealand 

dlm'.Jsl2l'"''''.?^ f'"'' ""'^ ^"'^^^^ "P^^'^ ^° « program "f ' 

dimensional coordination to their metrication efforts. There is a strong tren^ ' • - ' 

developing in this direction in the U.S, in 'current- discussions within the Americah • 

National Metric Council. If this trend continues, the U.S. buildi^ industj^'also will 

*s£°^M'° ^"P^T"'/ national program of dimensional coordination as its way of "getting 
^ something, out of going metVic. . * B'^LLxng 



t ' 



. 'If the .decision is madej/ tie dimensional coordination to metrication', decision? on 
. many fundamental xfi4^^ standards" revisions will be required e"ly in the JonveJsion i> 
co'dr:;:;;g;:'L°:t ZT' T:."""'' dlmensiona? requirements, fS^sio'^i^such'^ 

l\r ^ii tp stcu^-b-:^- rodrdecS: ^^^^^t^^^^^-^^ . 

s=^^^^ 

. construction, bur also the principles behind the application of dimensional coordination. ^ 

•As an fexample^of a dimensional change originating In codes, consider the familiar 22" 
unit of exit width. Translated into metric, 22" ie equal to. SSflf 8 L Th?! V. a u 

rxrst prererence 300 mm multimodule but 600 mm translates inrn 9^ s/ft"^ t^k<1o «;aa 

: f ^^^^^^^^^^^^^^^ , 

. be devised and implemeated. ♦ . . ■>-T"«stry. wiae impact will have to 

- wir^^ai^to ^haLfto .ome V"'""'!" '"' Presently contained in the A17 docament 

'iord\L"ti:n-:^r;:'u;::;o°r: :?rodL'f : ^^-^f ■^'^^^ ^-"J?^^ °^ dimensional . ^ ^ 

in the near Ltur^ 'obv 'usfy they Sou dlrJ: S'^' T"" ^""^ ""^^^ '^-^^^o- 

.nd Where they cap/be repr.sell^ef m^^sf :ff"clLS°li^to^':^%^;d:-r^^°"-^' ""^ ''^^^ ' 
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fl-I. Pla'nninRi for Metrlaatlon/DlmenslQnajl Coordlnatloim ' ' ^ , . \ . 

In a Committee Report (from the Hou§e of Representatives* (Jommittee on Science and Te^nology) • ^ 
accompanying H.R. 8674 (the bill entitled "Metric Conversion Act of 1975" that as Public 
Law 94-168 President *FDrd signed on, December 23, 1975) the following comment appears. ^. 

"The choice before the Congress. is not whether we should toove Ca the me^tiolc' ^ ^ 

system. That conversion is underway. The* choice is between the conversion W 
process in an entirely uncoor^dinated fashion, as is^the case, now, or going 

forward with -l^e conversion process on a coordinated basiss The Cestiminy y ^ 

heard by the Committee lndi^:ated that there ls*»wide agreement on th^ - ^ 

* desirability of going forward on a coordinated basis. Furthermore, it is ' - r 

.apparent^ that many sectors of the national community which ate now conaiderihg 
conversion are only 'awaiting 'a firm statement from Congress committing* the^^ = ,4 
United States to the conversion before they, too, adopt thte metric^system," ^ 

if . - " " 

The Committee Report further states: - I « ^ 

'J 

"The bill declares that it. shall be the policy of the United Stat^to . > 

change to the metric system in a coordinated manner and that^ th^ p^ucppse / . * ^ 

of this coordination shall be to reduce the total cost of the conversion." ^ 



* From these stateaeftts, it is obvious that a well-coordinated, approach to metric 
conversion is deemed essential. However, attaining coordination in an Industry as 
fragmented and centerless as the building industry may be as elusive as'it* is 'essential. 
Certainly, a great amount of patient planning involving' all parties atj;"interest 
* will bfe required If the time frame involved i? to ^e reduced so as to minimize 
conversion costs. * ' 

^ The significance of this time frame is highlighted by the experience of the Australians. They 
reasoned that* the longeXfhe transition period, the longer a' dual product line, may have tcr^ 
be dealt with by designers, manufacturers, and constructors, and' the longer this condition y 
lasted the more expensive the conversion process was going to be. » The Australians /"^ 
J a invested heavily in developing a carefully detailed planning anJ schied^ling^progr^ f6r the 

conversion of their building industry and virtuafl-ly have €?50tU.eted this conversion in less ^ 
than^five years. On the other hand, the private building sector, of Britaj^iL still ±i far 
from completing its conversion af ter almost nine years of effort. Canada, mist, sta^^ing 
its construction metrication effort, has studied tha^ri^ish,''Soutli AfricaiMind Australian 
programs and has found it expedient to^borrow heavily fr(^m the AustralianCexperiences'. 

Developing and scheduling a plan for the conversion 'process in the codes and standards 
sector will need to take into account the necessity of putting together an brgajffzational 
structure capable of cooperatively: (a)^ identifying the»problems to be faced not ojjly in 
the coSes ^d standards area^ but also in the industry as a wholfe;,r(b) establishing priorities 
among tjhersP problems; and, (c) timing, coordinating and monitoring*' appropriate responses/ ^ 

among codes and standards sources. . ' « ' " . 

f ^ t . 

Some of the problems] for which priority determinations need to be made ^re contained 
in the following subflect areas: - . ^ * , , 

that th^"finn statement" by Congress has been made, what, can and/or needs to 
be done until the Unit^ States Metric Board is formed?' * \ 

2. . What SI units and^thet^ use conventions will be selected by the uCs building » 
- industry? I . ' i + ' ' ^ - 1- . 

3. -What will' be theV^^ure and extent of the U.S. ditnensional co'ordinafcton 
effort and what effect will this have on standards and codes development^ ' . -> ^ 

' activities? 1 '* « , * ' ^ 

4. How is a nationally uniform datjfe^ t^ be developed in th^U.S. on which -metric- 
based building regulations are /to become effectived ^ , • 

•22 . ■ . ,• 
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How Is a building community consensus to be developed lrt>he U.S reKardlnc 
Tuly be'L^tlfu'tedr"" °' "<'"^"<> -"'^ -hen shoul'd^ 

effort? » * mnerenc in tnis national metrication 
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■IZ: I'lllrX^^^^^^^ automobile industry) .i.eadv Have . 

metric system In their ^duc^LrdJpartmif^ ?h! /'''/"u"™^"^'^ '° changing to the 
clearly support the belief tharthe'^;etrn;nvL Ln^ol T,Tl f ^''T 
Concerned Individuals In -the bulldlne <nH.,c^^, ersion or the U.S. already Is underway, 
the evolving actlviaes connected w?h tJrA^\°°^"^'^' °f these't.rends , have found that 
many opportunities S beginLSlpSlL S^f of th" ""t.^'^' (^^> 

The Construction Industrle^Coordln!Mfi. r f "^^e problems that will have to be faced- 
seven Sectors (Design TroLctr Sor Vs°e^ c:l^*'^ '''' ANMC vhich Is corap^ed o 

.Is beginning to function as a b;oid-ba;e?fo^ f^^^"°H^ '"'f and, Standards, Real Estate) 
problems. based^ forj^^ f or tlie discussion of the Industry's unique 

Tel.TAi:rr.ll^^^^^^^^^ code.or.egulatlons (such as those . 

-ulldlnss), the major^ro'ilg^toL S^f Jar'ds 'h' ' i^^'^H-tlons In ■ 

• -and organizations representing the admlnlSr M In^'^ referenced In such model codes, 
4 different from model^pa.^ " . " : ot ^|ctual building regulatl ojns (as 

J of the CICC, beilTiTow to p2n for f ^^""'^"Hti"" Cod^ and Standards Sector 
cooperatively dLl with their share Sf °^f"^^"i°««l structure" they wfll" need to ' 

Community. This structure should A u Problems 6f.th6 building 

. involved\o be ablfto ^artlSSte vet°cJnM°^' '° T""' °« Organizations 

participate, yet concise enough to permit action declsi9ns to emerge. 

"Sh^i:rn\v\rL"unTitt^ ^° '-^ ^^-^^^ 

■the same way that the metrlcatiSn pJoLf^ titvA a ^"i^^ interact with one .another in 
will be required before the pJobLJ'a^^ tLJr pr'SMef^' ^n^ra- and inter-Sector' meetings 
Sector work plan and schedule prep^Jed ^ ^^^^ developed and -„ ■ / 

finding ways of funding the PartlclDationtf- ^n^."" Tl^ ^" organizational structure, and ' 
some of the initial PrLlann^ng pro?il°"rif " """--"^v^s at the meetin^s^are 

r I ! 

Seletetlon of SI Units N , • 

Highest on the list of problem priorities is the P«:rahHo»,n, - c 

regarding the SI upits to be used in the bullH?na% f 1°^ ° national standard 

toth with the units themselves and the coivJ^M^ industry. The many questions involved 
soon. .Little attention can bj laii t the actuar^n-ff ^^eir-us.e have to fie settled 
is known what SI working units the bSmL^o^^nr """^^ ""i" ""^il it 

th^ the ANMC route is the most approJrLtf JoZ sLL % ' ^''^""^'^ T" ^^^^^ 
(and other industries) are represented there a w^v ippd^^J K^^^"'! °^ huHHng industry 
and standards "position- and of ensurih«-that thl7. f., ^^""'^ ^""^ developing a c^des 

consideration by others. More thaKsf f fp„ understood and given adequate 

■of recommended SI working uSts hJve ^o be 1 f ^-f^^tings will be Required. Drafts 

adopted in other countrlL The u^Its recoSp°S'K- ^rLT^^^^ "^^^ ^^e units . 

consideration for this or.L.iZ ^ recommended by ISO have to be given ^careful " 

language for hf \'Hi^^'L4"iTdStry's'h^?S'L't'e ^""".'^'^ \" international technical 
through" effort. ^ industry should not be wasted either' by- precipitate or a "muddle ' 
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* l)lmenstonal Coordination 

*ParalleUn& the importance of deciding on the SI units to *e used is the question of 
dimensional coordination. Tfi, as .some maintain, dimensional coor4ination is destined to 

• becom^ the domiLnt theme in th| metrication of the buildinjT^ndu^try this decision, one 
lly ot a'nother. need not and shiuld not be delayed until after the , 
program is initiated. Many decisions, particularly those related to the establish^e»t of 

' preferred dimenSl'ons. have to be made before a clear understanding of the impact of 
1 dimensional coordination can be developed. If dimensional coordination .is to become a • 
na-tional g«al (and the codes and standards sector should have a voice in that deMsS?n;,. 
then "the rapidi completion of suitable national standards establishing the bases £or>. ♦ 
applying the principles of diSeneional coordination to buildings and building components 
Would become a top priority standards' problem. These .standards would have to be completed 
before any serious work on new product .standards that involve siSe changes can be- started. 

Neither the principles of dimensional coordination nor the . corresponding ei:^ction techniques, 
^ of themselves, will have much bearing bn the safety aspects of a building. These are ^^sign, 
manufacturing, and erecting practices tbat, in their implementation, will^not cause building 
regulatory enforcement officials much in the way of problems. However, the application of 
these princit>les to familiar products could ^cause a reevaluation of old permissible uses. 
Using these principles to arrive at.n^w/sizes hf di%iension lumber, for instance, could 
result in thinner and/or narrower lumlJer sections. This could affect existing span tables 
for headers, joists and rafters. Similarly, if the thickness of gypsum board is reduced, 
this reduction. plus those that may be connected with ,dimension -lumber may be cause to ^ 
reevaluate the fire ratings or sound' transmissior^ characteristics of constructions involving 
combinations of such materials. In all cases, those responsible for the promulgation of 
safety standards^need to be aware of product and/or system safet^f performance changes that 
may result from new metric-sized 'product standards. 1^^ 

While the organizations responsible for the promulgation of building codes and 
building standards may fipd It impractical to train all of Their members in J:he principles 
of dimensional coordination.and their application, selected staff members, trained in the 
" • ■^subject-, will be -needed. Not only should these people be afforded every ol)portutiity to 
'•■'"comprehend this, complex subject ,and be able to intera>:t with their peers in similar 

organizations, with expert^ in the U.S.^ building industry and with those in the international 
^rea, but they should be able to convey the significance of such a national program to the 
members of their organizations. Codes and standards organizations are going to be faced 
with*the^ problem of selecting .and training personnel for this specialized task. 

** ' •) ' 

Regulatory Coordination ^ * 

jr 

Even after agreements have been reached regarding the complex technical problems connected 
with*the selectio^i and appropriate application of SI units and preferred dimensions, 
hov to coordinate the timing of their introduction into the nation's regulatory system is , 
going to be a particularly difficult problem. Consider this problem 'ju^J^s it relates to 
the^mo^del building and.plumbing. codes and those special regulatory t^pe standards like Al7 
(ele^It^) or CI— th^ American National Standard Electrical Code. Those .responsible f or *the 
.• promulgation of these independently produced documents* '(each group having a distinct 

generating constituency) not orily have to participate in the development of agreements on the 
uniform bases and techniques of making both the metric and dimensional coordination changes^ 
/ needed, but also on the staging of the revised editions required and the establishment af 
coordinated publication dates. If more than one ediMon seefcs to be required, sjipuld the 
Bd!rst revised edition contain both metric and customary units or should only metric appear? 
i ' Should rounding of the metric values be att^rapt?ed in the first stage or should all ^uch change,s 
be made after the promulgation dates of preferred dimension standards? Could not some old and 
arbitrary dimensional differ<ences among some o'f th«se .model documents be cooperatively restolved 
during this size conversion process? While there fare thany more examples of these kinds of 
problems facing the regulatory sector, the purpose in stating some of them is not to present 
a hopeless picture- biit to illustrate the pressing need for a new era oi communication among^ ^ 
the principals involved. While the number afid nature of these problems may appear over- 
whelming, the ease with which 'these principals will solv^e them will depend on the conversion 
..Xearas^they establish among themselves and with other industry tAms. The key problem area 
Vseems to lie not in dealing with the new units tliemselves, but in timing and coordinating 
the introduction of these units into the regulatory syste^N 
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While the foregoing has been concerned vith the. timing and^.coordinat*iorf^fj t^^ 
introduction of and dimensional coordination into the model docviiaent/^ used-^ln the building 
regulatory system, a similar problem of timing and coordination exists regarding the 
introduction of these model documents into the actual body of State and "local laws. Provision 
muse be made for the many, enacting jurisdictions at the' State and local level to' act 
. in concert , not only regarding the utilization of /the agreed upon SI units and preferred 
dimensions, but also on. the promulgation dates. Since it is unlikely that Federal legislation 
will mandate these cjianges ^r their timing, this area of 1:esponsibility» would seem to rest 
witii the States. Itj seems quite obvious that the design, manufacturing, distributing aod - 
erection segments of the ihdustify will havfe trouble enough dealing with their technical 
problems connected ^with metrJLcation/dimertsional coordinat J.on without being burdened 
by a failute on the part of the regulatory sector to agree on a uniform effective 
date for metric-based building .regulations. If the 8,000 - 14,000 jurisdictions' in 
the U.S. each were to unilaterally select such an effective date, extremely serious ' ^ 
and undesirable problems for the rest of the building community ^could result-. ~ ^hese^ r 
problems could be disastrously compounded if the building, electrical ^ plumbing, etc. 
departments within each of these many jurisdictions^lso were U> ^Mvilaterally 
select the effective dates for their particular bra^h of metric regulations. Somehow,' the 
States, in cooperation with thelifj.local ^jurisdictions , will hav^ to devise a. mechanism for ■ 
achieving a uniform statewide elfectitre date for metric? based buiaSing Regulations. • ;rhe 
bu;rden will be on them and their associates in the Construction Industries Coordinating, ' 
Committee to iitilize this mechanism m a fashion that, will enable the selection of a date ' 
on^ which n^ric based building regulations are to become effective throughout ^the 50 States. 

Considferation needs to be given to the special problems connected with the big cities 

and with the coordination problems related to Federal regulations affecting the dcsicn and 

construction of buildings. , , ° ^ . 

Training ' 

l ■ . .. « * ■ • 

^ Considerable attention needs to be givefi to devising effective ^rairting programs for 
the personnel engaged in codes and standards activities.' The nature and extent of the ' 

.training programs to be developed particularly will be dependent on the roles assigned to 
the trainees. . • o , 

In order to discuss this problem ar^, tit hel'ps to make assumptions regarding some of 
these roles. In the case of such standards' committees as A17 (elevator), CI (electrical), 
and A41 (masonry), for example, at least two committee memters of each committee. may have to 
be designated as metric officers and given the responsibility for guiding the commi-ttee' s 
application of metric units. 

• * " * 

"if one of these selected committee members was either familiar with ehe subject of 
dimensional^ coordination or had the archfti^ctural or design enginee-Jthg background to absorb 
training in this subject,- the other" membe? could ba trained to handle the committee's 
internal and external metric conversion,, spsulting in a pair of committee expei-ts covering 
both dimensional coordination and n^jlcation. • • 

The model code organizations prX)bably would want*several , if not all of their technical ' 
staff members to become proficient in both subject areas. The training of these "metric 
of twicers should engbU.them to assist th?ir members to correctly interpret and apply the 
new SI units and dimensional coordination principles,' as required, to the several ■ types of V. ' 
model codes involved. In fact', these trained staff members could be used to devise and 
trained tUV" i^Pl^"'^"^ '/PP'^°P'^i"e trainirfg programs for the enforcement officials. These 
trained staff members could develop the essential/ coordination recommendations needed to 
harmonize the conversion of the model cod6s. They also could be used to ensure that, • ^. 

regulato;:y needs Ije given proper consideration in appropriafe ext^al dtecisioitmaking ' !' ' 
nestings. ^ 

The big city building departments alSo j^ill need to name one or more "metric officers " 
having responsibilities and duties similar to those of the model code organizations. ' 

• . •■ -; '^ ■ ■ 



The States, too, each" will need to identity metric consttuction officers able to become 
proficient in both'^ubject areas'. While the degree of their^nvolvemeat .in the technical 
content of codes may vary from §tate to State, phey must accept responsibility for devising * 
and implementing ways of scheduling statewide metric code change dates in.conceft with^ 
other. States. They must also ensure that adequate and timely State-sponsored training 
programs for code officials, tradesmen, builders,' etc., are carried out; (a) in concert with 
the scheduled appearance of metric codes, (b)' in conce:^t with, other Spates, and, (a) in a 
manner consistwit Oith the national metrication program adopted by the building comipunlty. 

^^ederal building agencies ^'i^^^ many-^^divtdual local and State agencies that' 
control the consfcrucCiem Qf*^^^p.c buildings (sqhopls, hospitals., offices, etc.) 
^ach will find it exifedient;^^t&^T.'clentif y metric offt6ers> The potential impact of the 
purchasing* power of thes^-^ublic construction fl^encl^s on the orderly metric conversion, of 
the building industry .(and t^a succe'^f ul implementation of a national program qf dimension 
coordination) cannot be overlf'^Si^. Thd^gh. they are nbt ^part jif the regulatory system, their 
participation in the d^elopment of the regulator;^. cprvy^rsion ^r<jgram, and especially their 
cooperation in support of the metric/dimensional coordinaxion ^'^cij^on?, is important to any 
planning program developed hy'^e Construction Codes and Standards Sector. A forum 
for their metric officers* to interact with fhose of the erodes and standar^^^ctar needs to 
be developed. ' ' - ' '"^^^ / ^ 

All of the metric officer types discussed thus far wlil require very §injilar training 
programs. » These will necessarily be something more than simple* familiarization programs in 
either subject area. The responsibilities of contributing, to the development of an American 
program^aiVl of explaining and/or defending this program with their associates will demand that 
th^y receive exceptionally well^Jqtfpded Jtfraining. • The nature of iucJi^Nf training pr;ogram may 
make it especially att;ractive t^o 'the I'metric officers*' in a^Jchitectural and engineering 
firms and those associated^ vith large component, manufacturer^ or their trade associa'tions . 
It should be recognized thad America dofes not have a storehouse pf experts in either metric* 
or dimensional,* coordination. , In fact, ^we probably will* find it expedient to import our 
<ilmertslonal cbordinatioa training program^ and many of the .teacliers. - ' * . . 

• * * ^. • 

Training programs for building co'de inspectors need not get as^^r into the subject of -f 
dim^ftsional coordination as for other members of the codes and standards sector. The 
training that inspectors need .must enable them to clearly understand the Si units and their 
building 'applications. Unintentiopa'l errors on the job site, brought about -by the . ' 

-construction' tradesmen* s^ unfamilia^j^ with metric Usage are to be axpe^'cted. This condition 
will persist and wiil be , cause for increased vigilance 6n the part of trailed inspectors . ^- 

Equal in importance to *the 'subject matter of th^se training' programs islthe timing 
involved. The British experience indicates that training can bevastedlflf given too early* 
Costly ertbrs can result if tra±nir\g programs* are given either too early oi^^ too late, a £act 
which reemphasizes the significance of devising a way of cooperatively establishing firm 
dates regarding the introduction of the net? metric building regullfctions. Si^milarly, the 
estatfj^ishment of the date when plans in SI first can be accepted have to be scheduled in 
relatl^ft.to the training programs Involved. 

> Consider the ^implementation problems of ischeduling training pro-ams in the metro- 
'poll tan area around Washington, D.C. Itp- Montgomery County ,^ Maryland , the^ounty seat.-" * 
Rockville — has a building department (and cofle) sejparat^ from that^of th^ rest of the County. 
Montgomery County Is building^ department (and code) is separate from that of the neighboring ^ 
Prince George's County and .all three haVe little or no connection with the Maryland' State 
code, agency in Annapolis. A somewhat similar situation exists amon^ ^tl^e cities and ^ 
counties across"^he Potomac River in Virginia, including the complexities ifijf^iyed in the 
i*ntrdduction of a new ^atcwide code. In the center of these jurisdictit)ns , is the city of 
Washington itself, wiff a completely independent bu^^ding department that has developed its 
own set of codes. The planning that can be visu^iized for the metric conversion of all of 
these codes, the timing of< the introduction and effective dates of these metrip codes and . 
the scheduling of the training programs involved in this single metropolitan sfrea, 
illustrfif^e the natur^ and extent of the Intra- and interstate cooperating and cocfrdinatlQn 
that will be reiquired. . . 
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& <5ther Benefits * * * J ^ 

Itulv^^ni^'l'^ ^""^ universality of SI, once the initial learning difficulties 'are mastered, 
truly wiJl be appreciated by the building community. This benefit will be recognized 

llttlnlt/ ^" American national viewpoint and later'f^om. an American 

international viewpoint. "iu<=(.i>-ciii 

nroH^L^^ T"^ a successful national program of dimensional coordination-will * 

produce a far more efficient use of all U.S. resources in design, manufacture and construction 
f Ju f i?.?^" metrication will require a Complete rewriting of the entire data- bafe ' 
for U.S. building technology; text books, design manultk trade catalojsretc -the entire 
Reference literature of the industry., -in^ng' building\tandards and' c'odes' ThJs su^Jsts 
a never to be repeated opportunity to re^s traditional practices, procedures anS^^ 
ups°ettil^ f eye . towards, effecting long-desired bene/icial hangerthat'ere allfe to^ " 

upsettiAg fco carry out. Ha^eever, metrication in the fragiented, centerless buildin«V - 
industry has been desctibed.^ "management ejcerciSe with technical overtones " /XhiT :is an 

mu tt\?iuSari;rL'^s:d'r r of 'planning, scheduling, coordinatL land con r ^ 

must be voluntarily imposed (often ^over technical considerations), if the conversion Is to 
proceed in accordance with predetermined timing and b».dgej:s. If suJh an admini ratiJeir 
oriented organizational structure can be f ash^^ne^that^^onstrates an ability to guide this 

f £ s%'mie°hf h?\'''t'T'''"^ ^"^""^"^ Si^ication and dimensional cLrdJnati"! S 
. m itself might be the single most important -future benefit to be gained by the building 

~at[on shlrfh r/''"^'°P^' ^"'^ "^'^'^^^ ^^^^ '-'^^'^y '° changes a deep as 

metrication should be of future use, especially as an instrument for continually effecting 

Jh:\^Sldi"g^:o:i:nty""'"^'"^"" ^°"' '^^^""^^ interdependent gr^ou^s'luhTn • 
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